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Next Stages for CCS

• Past projects: Single source to single sink, 0.5 - 2  MMT per year 
injection rate.

• Next for large volumes: CO2 emissions from clusters of diverse 
sources amalgamated at  hub or trunkline and then dispersed to 
arrays of storage complexes.
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Permian Basin CO2 pipelines provide a 
mature model

• Several sources (natural and gas 
separation)

• Multiple sinks, each with multiple wells

Multi-source, multi-pipeline, multi-sink
Natural CO2 dome sources

Gas separation plant CO2

sources

Denver City hub

OXY WSAU

Note: in  secondary and 

EOR extraction produces a

“balanced flood”



USDW

Well Spacing
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CO2

Confining zone

Confining zone

Novel aspect of CO2 storage – mappable  CO2 plume



USDW

Elevated pressure

Well Spacing – “Pressure Space”
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CO2

Confining zone

Confining zone

Elevated pressure

Injection pressure is capped by 

geomechanical  limits  -

How much interference is too 

much?



USDW

Elevated pressure

Pressure Space defined by:
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CO2

Confining zone

Confining zone

Elevated pressure

Depth Supercritical CO2

ΔP=11.8MPa

ΔP=17.6 MPa

ΔP=6.4MPa

Overpressured

Ground surface (20⁰C)

Base USDW

A.Bump BEG



USDW

Elevated pressure

Well Spacing – “Pressure Space”
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CO2

Confining zone

Confining zone

Elevated pressure

Patterns of well  create  

boundaries

Large scale- many wells



USDW

Elevated pressure

Well Spacing – “Pressure Space”
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CO2

Confining zone

Confining zone

Elevated pressure

How much pressure 

interference is too much?

Large scale- many wells

EASI-tool

https://www.beg.utexas.edu/gccc/research/easitool



USDW

Elevated pressure

Use of Multi-zone  “Stacked Storage”
to Increase Pressure-Space
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CO2

Confining zone

Confining zone

Elevated pressure

Elevated pressure

Mitigations: 

Brine extraction

Stacked storage



Elevated pressure

USDW

Pressure Space Needed Defined by:
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CO2

Confining zone

Confining zone

Injection rate = revinue

Lateral, top and bottom boundary conditions

Including reservoir heterogeneity, rock properties

Initial pressure



Storage Window for Deep Saline Formations
Base USDW; top supercritical CO2 Top of 
overpressure: Burke et al, 2012

Alex Bump,  SECARB USA GCCC, BEG
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GoM Carb Sabbagh and Meckel, BEG



Siting within compartments

• Structural highs = traps for buoyant  
fluids
• May develop column height of mobile 

fluids 
• Exploration and production wells
• May be faulted
• May have sand pinch out

• “Fetch”
• In synclinal areas
• No expectation of hydrocarbons, few 

penetrations
• CO2 will migrate and be trapped by 

capillary processes
• May accumulate thick sands
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Hydrocarbon
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CO2



Seeking fetch between dense wells
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Fault

Structural trap

Fetch area

Key

Salt

50km

Well

Bump et al, GCCC BEG



Cameron LA

Texas Point

McFaddin Beach

High Island

Caplen

Point 

Bolivar

Clam Lake

Beaumont-Port Arthur Orange

Houston 

Ship 

channel

Texas City

Linking Sources to Sinks in Gulf of Mexico

GoMCarb Report S. Prentice BEG

Also other uses



Conclusions

• Beyond pore space, each storage project needs “pressure space” 
that does not conflict with adjacent uses. Conflicts in pressure 
space will damage project economics, injection rate cannot be 
continued.

• Hydrologic boundaries (faults or stratigraphic compartments) 
segment pressure-space 
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